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ABSTRACT 

There  Is  a requirement  to  develop  environmental 
guidelines  for  materials  which  contaminate  the  soil 
of  Army  Installations  as  a result  of  past  activities 
and  which  may  present  a hazard  off  post  due  to  migra- 
tion In  the  groundwater  or  otherwise.  The  U.S.  Army 
Medical  Bioengineering  Research  and  Development  Labo- 
ratory has  taken  a total  ecological  approach  to  de- 
velopment of  guidelines  In  evaluating  the  hazard  of 
contaminants  to  humans,  wildlife,  aquatic  life,  vege- 
tation and  domestic  animals.  Sufficient  data  have 
been  generated  for  dl Isopropyl  methyl phosphonate  and 
dlcyclopentadlene  to  reconwend  temporary  guidelines 
for  food,  drinking  water,  and  water  for  Irrigation, 
recreation  and  aquatic  life. 
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and  surface  waters  at  the  post; 

(3)  to  Identify  potential  health  hazards,  par- 
ticularly those  affecting  personnel  engaged  In  soil  and 
water  sampling  and  restoration  activities; 

(4)  to  compute,  where  possible,  provisional  pol- 
lutant limit  values  for  soil  and  water  (1), 

(5)  to  compile  a list  of  deficiencies  In  the 
data  base. 

Table  1 - Suspected  RMA  Contaminants  (2) 

From  Army  Activities 


TWO  KINDS  OF  OPERATIONS  fall  within  the  Army  defini- 
tion of  Installation  restoration.  The  first  concerns 
preparation  of  an  Army  Installation  for  release  to  a 
civilian  agency,  while  the  second  concerns  cleanup  of 
an  Installation  not  necessarily  Intended  for  release, 
but  which  presents  an  off-post  hazard  by  reason  of 
activities  carried  out  In  the  past.  The  responsibili- 
ty of  the  Army  In  the  first  case  Is  to  make  certain 
that  no  materials  remain  on  post  which  would  present 
a hazard  In  terms  of  the  new  use,  while  In  the  second 
case  the  responsibility  Is  to  prevent  any  material 
generated  as  a result  of  former  activities  from  be- 
coming an  environmental  hazard  off  post.  The  U.S. 

Army  Medical  Bioengineering  Research  and  Development 
Laboratory  (BRDL)  became  Involved  In  environmental 
criteria  In  1975  when  Rocky  Mountain  Arsenal  (RMA)  was 
designated  for  restoration.  Prior  to  1957,  RMA  was  a 
^ manufacturing  site  for  chemical  warfare  agents,  and 
more  recently  the  Arsenal  has  carried  out  chemical 
'O—  destruction  of  those  stocks.  A pesticide  manufacturer 
t 7 Is  a tenant  of  the  post,  and  In  the  past  the  Army  has 
been  responsible  for  the  tenant's  wastewater.  Some  of 
v— ^ the  wastes  from  these  various  operations  have  been 
discharged  Into  shallow,  lined  and  unllned  ponds.  In 
1974,  chemical  contaminants  were  found  to  be  migrating 
- — Ipff  post  In  groundwaters  of  the  Arsenal. 

U“  PROCEDURES 

As  the  first  step,  BRDL  performed  a problem  def- 
inition study  on  16  materials  (Table  1)  known  to  be 
esent  In  the  soil  and  groundwater  of  the  Arsenal  by 
ason  of  a preliminary  sampling  program,  or  Indicated 
to  be  present  because  of  the  operational  history  of 
the  post.  Subsequent  problem  definition  studies 
(Table  2)  are  based  on  contaminants  detected  In  ground- 
water  by  the  Materials  Analysis  Laboratory  at  RMA  and 
the  Chemical  Systems  Laboratory  at  Aberdeen  Proving 
Ground,  Md.  A problem  definition  study  Is  a document 
review  which  has  the  following  purposes: 

(1)  to  establish  a data  base  of  physical,  chem- 
ical and  biological  properties  of  the  suspected  con- 
taminant: 

(2)  to  establish  a site-specific  data  base  of 
materials  relating  to  the  history  of  the  contaminant 
at  the  post.  Including  production,  storage,  consump- 
tion and  disposal,  as  well  as  analytical  data  and  all 
available  Information  on  the  geohydrology  of  ground 


Dl 1 sopropyl  methyl phosphonate 

Isopropyl  methyl phosphonlc  acid 

Methyl phosphonlc  acid 

Mustard 

Thlodlglyeol 

Lewisite 

Lewisite  oxide 

Arsenic  compounds 

Mercury  compounds 

Chlorate  salts 

Wheat  rust 


From  Tenant  Activities 

Dlcyclopentadlene 

Aldrln 

Dleldrln 

Endrln 

Chlordane 


Table  2 - RMA  Groundwater  Contaminants 


Methylene  chloride 
Triethyl  phosphate 

Early  In  the  program  It  became  clear  that  a for- 
mal coordination  mechanism  would  be  necessary  to  as- 
sure that  the  data  developed  In  support  of  standards 
would  be  acce>table  to  the  scientific  community  as 
well  as  the  Federal  agencies  concerned.  For  this  pur- 
pose, the  NatlonakAcademy  of  Sciences  and  National 
Research  Council  ha^e.^establlshed,  under  the  existing 
Comnlttee  for  MIlltaryFqvIronmental  Research,  a Sub- 
committee for  Land  Renovation,  which  reviews  all  mate- 
rials generated  In  the  course  of  standards  development 
and  advises  BRDL  on  the  need  for  further  work.  The 
Environmental  Protection  Agency,  Dept,  of  Health,  Edu- 
cation and  Welfare,  Dept,  of  Agriculture  and  Dept,  of 
Interior  have  designated  representatives  who  attend 
Subcommittee  meetings  and  who  also  review  data  devel- 
oped by  BRDL.  In  addition,  we  rely  on  expert  consult- 
ants from  outside  the  defense  conmunlty. 

We  have  endeavored  to  maintain  a total  ecological 
approach  to  standards  development,  with  studies  on  In- 
digenous species  as  well  as  laboratory  animals.  For 
most  requirements  research  protocols  have  been  pre- 
pared In-house  with  the  aid  of  consultants,  then  sub- 
mitted for  approval  to  the  National  Academy  Subcom- 
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raltteo  and  the  Federal  agencies.  /\bout  a year  after 
toxicology  studies  have  been  Initiated  for  any  partic- 
ular compound,  vie  are  In  a position  to  go  before  the 
Subconwlttec  and  the  Federal  agencies  and  recommend 
temporary  guidelines  to  protect  most  categories  of 
water  consumers. 

Current  mamaallan  protocols  are  outlined  In  Table 
3.  The  first  year's  work  comprises  standard  acute  and 
subacute  assays  with  special  tests  (such  as  demyellna- 
tlon)  included  where  appropriate.  Ames  tests  are  In- 
cluded in  the  mammalian  protocols  because  It  Is  desir- 
able to  have  these  tasks  performed  concurrently.  The 
selection  of  chronic  tests  Is  based  in  part  on  the  re- 
sults of  previous  tests.  We  have  taken  the  position 
that  a negative  mutagenesis  assay  will  preclude  the 
necessity  for  long-term  carcinogenesis  studies  unless 
evidence  of  cancer  appears  In  other  tests.  Cattle 
have  been  Included  In  the  mammalian  studies  both  for 
their  own  protection  and  for  the  protection  of  con- 
sumers. Determination  of  acute  toxicity  Is  followed 
by  six-month  feeding  experiments  and  reproduction 
studies  If  results  from  laboratory  animal  experiments 
suggest  potential  toxic  hazards.  Bioaccumulation  and 
excretion  studies  are  designed  to  Insure  that  humans 
are  not  subjected  to  risk  through  exposure  to  the  con- 
taminant or  Its  metabolites  through  the  milk  or  meat 
of  cattle. 


Table  3 - Manual  Ian  Toxicology  Protocol 


Test 


Test  Animal 


Phase  I 

Acute  oral  LD50 
Acute  dermal  L050 
Eye  and  skin  Irritation 
Skin  sensitization 
Metabolism 

Microbial  mutagenesis  (Ames) 

Phase  II 

90-Day  feeding 

14-Day  feeding 

Liver  enzyme  Induction 

Dominant  lethal 

Phase  III 

3-Generation  reproduction 
Carcinogenesis 
Teratology 
Detailed  metabolism 
180-Day  feeding 


Rat 

Rat 

Rabbit 

Guinea  Pig 

Rat,  dog  or  monkey 


Rat,  mouse 
Dog  or  monkey 
Rat 
Rat 

Rat 

Rat,  mouse 
Rat,  rabbit 
Rat,  dog,  monkey 
Dog 


For  wildlife  our  first  concern  has  been  selection 
of  appropriate  species.  Species  Indigenous  to  RMA 
would  be  preferred,  but  It  Is  more  Important  that 
there  be  an  adequate  data  base  concerning  rearing,  fe- 
eding and  dosing  each  species  In  captivity.  It  Is  al- 
so desirable  that  species  chosen  represent  a range  of 
taxa  and  occupy  different  positions  In  the  food  chain. 
The  Environmental  Protection  Agency  encourages  selec- 
tion of  the  mallard  and  bobwhlte  for  pesticide  studies. 
In  addition  we  have  chosen  the  mink  as  top-of-food- 
chain  representative,  although  It  Is  not  Indigenous  to 
RMA,  because  there  Is  an  adequate  data  base,  and  the 
mink  Is  known  to  be  sensitive  to  food  contaminants. 

As  In  the  case  of  domestic  animal  studies,  the  wild- 
life protocol  addresses  two  concerns;  protection  of 
wildlife  and  protection  of  humans  consuming  possibly 
contaminated  wildlife.  Rangefinding  and  LD50  deter- 
mination are  followed  by  5 or  21  day  dietary  studies. 
Chronic  studies  overlap  a period  of  reproduction  for 
all  species.  Bioaccumulation  and  excretion  studies 
for  birds  Involve  dose  administration  both  by  feeding 
and  by  gastric  lavage. 

The  decision  to  carry  out  aquatic  toxicity  stud- 
ies Is  based  on  the  potential  for  a contaminant  to  mi- 
grate to  off-post  surface  waters.  Aquatic  tests  are 


conducteu  at  different  phylogenetic  level*.  The  first 
phase  aquatic  studies  Involve  static  bioassays;  96 
hour  LC50's  for  four  fish  species  (blueglll,  rainbow 
trout,  fathead  minnow  and  channel  catfish),  48  hour 
EC50's  for  Invertebrates  (scud,  water  flea,  sowbug  and 
midge)  and  96  hour  ECSO's  for  algae  (blue-green,  green 
and  diatom).  Effects  of  pH,  temperature  and  water 
hardness  on  toxicity  to  fish  and  effects  of  the  con- 
taminant on  life  stages  of  fish  are  examined.  To  pro- 
tect the  health  of  humans  consuming  fish,  the  bloac- 
cumulatlon  of  contaminants  Is  measured.  If  first 
phase  tests  Indicate  a possible  toxic  hazard,  second 
phase  test*  are  carried  out  under  dynamic  conditions 
for  the  most  sensitive  fish  species.  Acute  tests  are 
repeated,  and  chronic  (life  cycle)  tests  Include 
growth,  reproduction  and  physiological  effects. 

Preparation  of  a standard  protocol  for  phytotox- 
icity Is  the  area  In  which  we  have  found  least  guid- 
ance In  the  literature.  We  have  selected  plant  spe- 
cies with  different  edible  parts  which  are  Important 
in  the  food  chain  and/or  local  agriculture.  For  RMA 
we  have  chosen  wheat,  sugar  beet,  fescue,  corn,  and 
green  bean,  among  others.  This  collection  provides  a 
range  of  susceptibilities  and  Includes  both  C3  and  C4 
photosynthetic  types.  The  protocol  Involves  Initial 
screening  of  all  plant  species  with  respect  to  each 
contaminant,  which  may  be  Incorporated  In  the  soil.  In 
the  irrigation  water,  or  In  a hydroponic  solution. 

Seed  germination  studies  are  run  concurrently,  and  the 
toxicity  to  soil  microorganisms  may  be  examined.  To 
assess  the  risk  to  humans  consuming  plant  parts,  bio- 
accumulation  of  the  contaminant  Is  determined  using 
radlolabelled  compounds.  Dose  response  studies  are 
carried  out  for  the  most  susceptible  species  If  war- 
ranted by  screening  results. 

Environmental  fate  studies  are  conducted  to  eval- 
uate hazards  presented  by  a contaminant  by  reason  of 
its  soil  mobility,  and  by  reason  of  Its  conversion  to 
other  and  possibly  more  toxic  materials.  Rates  and 
products  of  chemical , photochemical  and  biochemical 
transformations  are  surveyed  In  water,  soil  and  sedi- 
ments, and  soil  translocation  characteristics  are  ex- 
amined. It  Is  attempted  to  simulate  field  conditions 
as  nearly  as  possible,  but  this  may  be  constrained  by 
analytical  capabilities.  Other  chemistry  studies  in- 
volve development  of  methods  for  preparation,  purifi- 
cation and  analysis  of  contaminants  used  for  toxicity 
tests.  For  these  purposes  BRDL  has  found  It  Important 
to  maintain  a strong  in-house  research  capability  In 
analytical  and  preparative  organic  chemistry.  Many  of 
the  chemicals  under  study  are  not  commercially  avail- 
able, and  those  which  are  available  may  not  be  of  re- 
search quality.  Fractionated  dl Isopropyl  methyl phos- 
phonate  (DIMP),  e.g.,  custom  synthesized  by  means  of 
the  Michael Is-Arbuzov  reaction,  contained  1-2X  Impu- 
rities, Including  diisopropyl  phosphite  and  all  pos- 
sible compounds  resulting  from  exchange  of  methyl  and 
isopropyl  groups  In  DIMP.  A sample  used  In  the  Ames 
assay,  prepared  In-house  by  reaction  of  Isopropyl  al- 
cohol with  methyl phosphonyl  dichloride  In  the  presence 
of  pyridine,  contained  less  than  0.1X  Impurities  by  gas 
chromatography. 

RESULTS 

Because  DIMP  and  dlcyclopentadlene  (DCPD)  were 
found  In  off -post  RMA  groundwaters  In  significant  con- 
centrations, and  because  there  was  almost  no  toxicology 
data  base  for  either,  BRDL  Initiated  studies  for  both 
compounds.  Selected  results  from  the  first  year's  mam- 
malian studies,  which  have  been  presented  elsewhere  (4, 
5),  are  listed  In  Table  4.  Research  In  progress  Indi- 
cates that  cattle  and  wildlife  (possibly  excepting  the 
mink)  are  no  more  susceptible  to  Intoxication  by  DIMP 
and  DCPD  than  laboratory  animals.  DCPD  Is  about  10 
times  more  toxic  than  DIMP  to  aquatic  organisms  during 
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Table  4 - Mammalian  Toxicity;  Selected  Results  for  01MP  (4)  and  DCPD  (5) 


Test 

Oral  L050  (95%  cl),  mg/kg 
Rat,  male 
Rat,  female 
Mouse,  male 
Mouse,  female 
Skin  Irritation,  rabbit 
Effect  of  2g/kg 
Eye  Irritation,  rabbit 
Skin  sensitization,  guinea  pig 
Liver  enzyme  induction 

4-Day  dietary,  rat 

Feeding  studies  no  effect  level,  ppn 
90-Day  rat 
90-Day  mouse 
14-Day  dog 

Microbial  mutagenesis  (Ames) 

Without  activation 

Human  or  rat  liver  activation 


D1MP 


1125 

826  (747-914) 

1041  (903-1201) 

1363  (1165-1594) 

High  mortality 
Recovery  comolete 
Moderate 

Positive  at  3000  ppm 

300 

2100 

1500 

Negative 

Negative 


DCPO 


520  (420-645) 

378  (303-473) 

190  (125-289) 

250  (170-368) 

Minimal  irritation 

Temporary 

Negative 

Negative  at  750  ppm 

750 

273 

375 

Negative 

Negative 


Table 
Ca  tegory 


5 - Recommended  Temporary  Guidelines  for  01MP  and  DCPO 

PIMP  (ppm)  DCPO  (ppm) 


Food 

0.5 

Drinking  water 

0.5 

Water:  for  recreation 

5 

Water:  to  protect  aquatic  life 

12.5 

Water:  for  irrigation 

20 

1.3 

1.3 

13 

0.5 

20 


static  bioassays,  with  96-hour  LC50's  ranging  from  15 
to  31  mg/1  for  fish  (6).  The  water  flea  (48-hour 
EC50  = 10.5  mg/1 ) is  the  most  susceptible  to  DCPO, 
while  the  blueglil  (96  hour  LC50  = 257  mg/1)  is  the 
most  susceptible  to  DIMP.  Environmental  effects  are 
minor.  The  blueglil  does  not  bioconcentrate  OIMP,  and 
the  maximum  bioconcentration  factor  for  OCPD  is  53. 
Analysis  of  phytotoxicity  data  is  incomplete,  but  it 
appears  that  alfalfa,  sugar  beets,  corn  and  green  beans 
suffer  a loss  of  yield  relative  to  controls  when  irri- 
gated with  water  containing  DIMP  at  a level  of  50  mg/1 
or  more.  The  most  common  symptom  is  leaf  necrosis. 

The  bioconcentration  factor  reaches  a maximum  of  about 
11  in  the  leaves.  OCPD  is  less  phytotoxic  than  DIMP, 
is  toxic  only  at  levels  well  above  its  solubility  Unit 
in  water,  and  does  not  bioaccumulate.  Neither  contam- 
inant prohibits  seed  germination  at  levels  up  to  1000 
mg/1 . 

From  these  results,  BRDL  has  recommended  the  fol- 
lowing temporary  guidelines  for  OIMP  and  OCPD:  for 
food  and  drinking  water,  to  protect  human  consumers, 

0.5  ppm  DIMP  and  1.3  ppm  DCPO.  These  values  are  con- 
curred in  by  the  National  Academy  of  Sciences  Commit- 
tee on  Military  Environmental  Research  (7).  Other 
recommended  temporary  guidelines  are  listed  in  Table  5. 
We  are  still  a year  away  from  final  guidelines  for  DIMP 
and  DCPO.  In  the  meantime,  we  have  begun  mamnallan 
and  phytotoxicity  studies  on  p-chlorophenyl  methyl  sul- 
fide, sulfoxide  and  sulfone,  intermediates  in  the  prep- 
aration of  the  herbicide  Planavin,  which  have  been  de- 
tected in  RMA  groundwater.  We  are  generally  satisfied 
with  progress  made  under  the  overall  program,  partic- 
ularly with  respect  to  provisions  for  regular  review 
and  feedback.  We  believe  that  BRDL  has  provided  a 
sound  program  for  development  of  restoration  guide- 
lines for  application  to  civil  as  well  as  Defense  De- 
partment problems. 
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ZO.  ABSTRACT  rCaXtaa  ao.  rereree  KB  ft  nocooeory  end  IdetUllr  *y  block  number)  " 

There  is  a requirement  to  develop  environmental  guidelines  for  ^emals  whlch 
contaminate  the  soil  of  Army  installations  as  a result  of  past  activities  ana 
which  may  present  a hazard  off  post  due  to  migration  in  the  groundwater  or 
otherwise. ^ These  guidelines  are  needed  to  evaluate  the  degree  of  hazard  to 
SSTSi  other  liS  foms  exposed  to  the  contaminants  and  « provide  perform- 
ance  standards  for  water  containment  and  treatment  system®,  where  requi  . 
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